The objective of the study was to describe the food intake of adventure racers during a competition simulated in the laboratory. Ten male athletes with international experience in adventure races took part in the study. The experiment lasted 67 hr (total distance covered 477.3 km), but 3 athletes did not finish the race. Food intake was recorded throughout the simulation. Athletes' total energy expenditure was greater than their total energy intake (24,516 vs. 14,738 kcal), and the athletes obtained significantly more energy from food than from supplements. Carbohydrate intake was below the recommendation of 0.5-1.0 g ⋅ kg -1 ⋅ hr -1
In the last decade there has been a global increase in the popularity of adventure racing, with a consequent increase in the number of both events and participants (Speedy et al., 2001) . Adventure races are typically characterized by nonstop, multiday, multisport, mixed-team events. The competitions can last from 2 hr (sprint races) to several uninterrupted days (multiday and expedition races). Teams of mixed gender, consisting of three to five members, need to use specific athletic abilities to be able to complete sections involving trekking, mountain biking, paddling (canoeing, rafting, kayaking), vertical techniques (rappelling, climbing, and Tyrolean traversing), horseback riding, swimming, and orienteering (navigation with a topographic map and compass).
In multiday adventure races, athletes compete at a submaximal exercise level and cover a variety of terrain over several days. For most of the time, participants are in a state of partial sleep deprivation (Rodgers et al., 1995) . Each team is generally free to choose when to rest, sleep, and eat, although in multiday events and expeditions, there are some mandatory stops imposed by the race organizers. In long-distance races, athletes have multiple transition areas to which their equipment and food supplies are transported either by a support crew (provided by the team) or by the racing staff. The winning team is the one that takes the least time to complete the course without picking up penalties incurred by missing checkpoints previously designated by the organizers (Scott & McNaughton, 2004) . Usually, elite athletes participate in one national and two international adventure races per year, events for which about 50 teams register. Adventure racing is a sport that demands great physical preparation, refined technical knowledge, strategy, emotional control, and team spirit (Mann & Schaad, 2001) .
The unique physical demands of different ultraendurance events (e.g., total duration of the race, modalities involved, region where the race takes place, number of stops, and local climatic conditions) affect nutritional intake, but details of the nutritional requirements and how these might differ between events are not fully known. Table 1 summarizes current knowledge with regard to observed nutritional intake of male athletes during different types of ultraendurance events.
Data on nutritional status during ultraendurance competitions are limited. The few studies that have been done, which included continuous (nonstop) and stage (such as the cycling event the Tour de France) races, have reported insufficient food intake, with a deficit in energy intake compared with energy expenditure. Energy intake during a race corresponds to approximately 50% of the individual energy expenditure (Applegate, 1991; Colombani, Mannhart, Wenk, & Frey, 2002; Glace, Murphy, & McHugh, 2002a , 2002b Kimber, Ross, Mason, & Speedy, 2002) . Major nutritional sources consumed during competition by ultraendurance athletes include biscuits, cakes, candy, bread, pasta, and rice (Burke, 2001 ), all considered inappropriate food choices in shorter events. This deficit in energy intake seems to be a result of the inability to eat and drink sufficient food and fluid, which might result from gastrointestinal discomfort, difficulty in carrying food and fluid, and lack of storage points en route (Applegate; Colombani et al.; Glace et al., 2002a; Hawley, Dennis, & Noakes, 1992; Kimber et al.) . Related to this, other studies have shown that many athletes are not able to complete competitions because of hypoglycemia, hyponatremia, dehydration, exhaustion, or injury (Kimber et al.) .
Practical difficulties in measuring food intake, energy expenditure, and physiological responses during an adventure race might explain the lack of studies in this area. To overcome this difficulty, a simulation of an adventure race under controlled laboratory conditions is an effective method to measure nutritional status, as has previously been demonstrated in sports such as triathlon (Gonzalez-Haro, Gonzalez-de-Suso, Padulles, Drobnic, & Escanero, 2005) , cycling (Foster et al., 2004) , and skating (Foster et al., 2003) . The aim of our study was to investigate the nutritional pattern during a laboratory simulated multiday adventure race and identify any patterns of food intake that seemed specific to this kind of event.
Methods
The laboratory simulation of an adventure race was based on the international Ecomotion-Pro 2003 competition, in which 10 international and 31 national teams participated. The simulation followed the same rules of an outdoor adventure race. The Ethics Committee of the Federal University of São Paulo, under appraisal Note. %TE = % of the total energy intake.
#1435/04, approved this study, and prior informed and written consent was obtained from all volunteers.
Participants
Ten male adventure racers who had participated in the 2003 Ecomotion-Pro competition volunteered. Athletes were randomly allocated to one of two teams, each comprising 5 individuals. Each member of the team had to complete every section of the race. The athletes were informed of the objectives of the study and the procedures it entailed; they also understood that they could withdraw from the study at any time with no adverse consequences to themselves. The athletes had been participating in adventure races for at least 3 years, in both national and international events, and were in the top rankings in Brazil. No health problems were identified in the participants after they had performed resting and exercise electrocardiograms and undergone medical evaluation.
Preliminary Evaluations
A month before the simulation, to analyze the physiological responses to maximal exercise, volunteers performed incremental trials to voluntary exhaustion on a treadmill, a cycle ergometer, and an arm-crank cycle ergometer. From these trials, the peak oxygen consumption (VO 2peak ) was determined for each apparatus, and the athletes were able to familiarize themselves with the equipment that would be used in the simulation.
The treadmill trial (Life Fitness 9700HR) used a fixed inclination of 1% and began, after a 1-min rest period, with a 2-min warm-up period at 8 km/hr (Jones & Doust, 1996) . Then, an increment of 1 km/hr was made each minute up to voluntary exhaustion. The cycle-ergometer trial (Monark Ergomedic 824E) also began with a 1-min rest followed by a 3-min warm-up period of cycling at 100 W. Subsequent increments of 25 W were added every 2 min up to voluntary exhaustion. The armcrank-ergometer trial (Technogym, model XTPRO TOP 600) began with a 1-min rest followed by a 2-min warm-up period at 50 W. Then, a 15-W increment was added every minute up to voluntary exhaustion. The mountain-bike stage was simulated on an electromagnetic cycle ergometer (Technogym Spintrainer), for which each athlete connected his bicycle to the equipment. The vertical techniques were not simulated because of the difficulties in performing such activities in the laboratory; however, this modality represents only a 1-km stage.
Anthropometric measurements (weight, height, and body composition) were taken on the athletes 1 week before the simulation. Only body mass was measured immediately before and after the simulation. Wearing only their training shorts, the participants had their height measured using a Sanny wall-fixed stadiometer with 0.1-cm precision. Body mass and percent body fat and fat-free mass were obtained through whole-body plethysmography (BOD POD). Body-mass index (weight/height 2 ) was then calculated.
Experimental Design
The experiment simulated the 2003 Ecomotion-Pro, an international competition held annually in Brazil. On this occasion, the event was held in the Chapada Diamantina region, in the state of Bahia; the course was 477.3 km in length and took approximately 6 nights and 7 days to complete. The experimental simulation was conducted at the Exercise and Psychobiology Research Center and began at 8 p.m. Because some aspects of the outdoor event, such as time wasted because of navigation errors, adjustment of the equipment, and weather-mediated effects, did not exist during the simulation, it was expected that athletes would complete the simulation race in a shorter amount of time. The modalities were performed in the same order as in the 2003 Ecomotion-Pro competition (see Table 2 ). For all modalities, a mean intensity of 35% VO 2peak was established; at this intensity, physiological changes are produced and characteristics of the outdoor race, such as prolonged exercise and sleep deprivation, can be achieved (Opstad, Falch, Oktedalen, Fonnum, & Wergeland, 1984; Rodgers et al., 1995) . All athletes were instructed to maintain the same speed and a maximum distance between them of no more than 100 m, according to the Ecomotion-Pro rules. A researcher was always present during the simulation to ensure that the correct distance was completed on each of the three ergometers. In contrast to the outdoor competition, the laboratory climate conditions were controlled; the temperature was maintained at 22-24 °C, and the humidity at 58-62%. To replicate the solar daily light/dark cycle, lights were turned off during the night and athletes were allowed to use a headlamp, as is the case in the outdoor competition.
Rests, Sleep, and Food Intake
Each team had to establish its own strategy during the simulation, including pauses for sleep or naps and times to eat. The experimenters were careful to offer only food that the athletes had previously reported having eaten during the 2003 competition. Among these items were fruit, dried fruit, nuts, sweets, sweet condensed milk, chocolate, honey, rice, olives, pasta, meat, beans, pizza, pies, and sandwiches with several fillings (salami, cheese, ham, turkey breast, and tuna). When appropriate, any cooked food was prepared by a trained cook, who recorded the ingredients used (in terms of common household measurements). The total intake of the ingredients was then estimated from the portion of the cooked item that was eaten. The fluids available were water, soft drinks, coconut water, energy drinks, and coffee. The available supplements were sports drinks (containing 6-8% carbohydrate), carbohydrate gel, sports bars, protein bars, and capsules of multivitamin/minerals, vitamins C and E, and branched-chain amino acids. Food and drink were stored in a separate area of the laboratory (the "transition area").
A support crew, who in the simulation consisted of the researchers, waited for the athletes in the transition area with all the equipment and accessories needed for the next stage. During this interval (around 20 min), athletes changed their equipment, delineated new strategies for the next activity, rested, ate, drank, took supplements, and filled their backpacks with drinks, food, and supplements to consume during the next modality. These choices were determined according to the next modality's duration and characteristics, but athletes were asked not to change their eating and drinking patterns from the 2003 Ecomotion-Pro. Athletes had not received any kind of nutritional advice. Food and fluids could not be requested from researchers while the athletes were performing any of the modalities (and so were not in the transition area).
Nutritional Evaluation
Food intake was assessed by the research dietitians, who registered the intakes of food, fluid, and supplements (including brand names) in each transition area. Portion sizes were estimated using common household measures such as cups, glasses, bowls, teaspoons, and tablespoons. Food intake from the backpack during each modality was recorded by the dietitians. Energy expenditure during the simulation was estimated according to Weir's (1949) equation, based on the percentage fraction of the oxygen intake used during the simulation (35% VO 2peak ). The oxygen intake was estimated from heart-rate monitors used by athletes during the race. The nutrition software Virtual Nutri version 1.0 (University of São Paulo, Brazil, 1996) was used to analyze the nutritional composition of the food and fluids ingested. Information about the food supplements was provided by the manufacturers. Total energy, carbohydrate, protein, fat, fiber, and sodium intakes were evaluated. Car-bohydrate intake was compared with the recommendation of Burke (2001) , and sodium intake to that of Hiller (1989) .
Statistical Analysis
Data were analyzed with Statistica 6.1 (StatSoft, INC) software. Comparisons between physical characteristics and differences between body mass before and after the competition used Student's paired t tests, and ANOVA with repeated measures was used to examine changes during the course of the competition. Tukey's post hoc tests were used to define significant differences within a main factor. Linear-regression analysis was conducted to determine the relationship between the amount eaten and day number of the simulation. Statistical results when p ≤ .05 were accepted as significant. All values are expressed as M ± SD.
Results
Anthropometric and training characteristics of all participants are presented in Table  3 . Seven of the 10 athletes completed the 477.3-km course in 67 hr. Three athletes interrupted the simulation after 29 hr (204 km) for different reasons (muscle injury or psychological stress); these 3 athletes did not show any significantly different characteristics from those who finished the race (p > .05).
Athletes who completed the trial had been sleep deprived for 79 hr, from the time they woke up on the morning of the start of the simulation until the end of the simulation. The sleeping time during the simulation lasted 78 ± 5 min, taken in a single episode, and occurred in the middle of the second treadmill stage (T2).
The body mass of the 7 athletes who completed the simulation changed significantly (p = .05) from the beginning to the end of the indoor race, with a mean loss of 0.75 ± 1.0 kg.
Mean energy intake and expenditure are shown in Figure 1 . At the end of the simulation, athletes had expended 24,516 ± 5,424 kcal and taken in 14,738 ± 4,335 kcal, resulting in an energy deficit of 9,779 ± 1,020 kcal (Figure 1[a] ). Mean energy expenditure and intake were 365 and 220 kcal/hr, respectively. Figure 1(b) shows energy expenditure and intake during each modality. A greater difference between expenditure and intake was observed in the most prolonged stages, although this did not reach statistical significance. Figure 2 shows that the contribution to energy intake from the backpack supplies was greater than that during the transitions during the earlier parts of the trial (stages T1-T3), achieving statistical significance for some stages (T1, A1, and T2; p < .01). In the last three stages (A2, T4, and C5), the opposite result was found, the 
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backpack becoming a less important source of energy. No significant difference in energy intake was found between the transitions, whereas significantly more energy was obtained from the backpacks for the four longest sections of the simulation.
Athletes obtained significantly more energy from food (86% of the total energy consumed) than from supplements in all modalities except the last two stages (Figure 3) . Table 4 describes energy, macronutrients, fiber, and sodium intakes per day during the simulation. In this way it was possible to include in the analysis the athletes who did not finish the experiment and to observe the intakes in more detail. The main findings were that energy intake on Day 1 was significantly higher than on Days 2 and 3, F(2, 20) = 7.623, p = .003; both protein and lipid intakes on Day 1 were significantly higher than on Day 3, F(2, 20) = 5.078, p = .016, F(2, 20) = 3.553, p = .048, respectively; and carbohydrate intake on Day 1 was significantly higher than on Day 2, F(2, 20) = 5,482, p = .013. The intake of energy, proteins, carbohydrates, and lipids decreased linearly across days (tests for linear trend, r 2 = .38, p = .002; r 2 = .30, p = .007; r 2 = .25, p = .01; r 2 = .22, p = .02). Mean carbohydrate intake (g/kg) varied widely, and for most of the stages it remained below the recommendation of 0.5-1.0 g · kg -1 · hr -1 (Figure 4) , reaching the recommended level in only four stages. Of the carbohydrate intake, 66% was in solid form and 34% in liquid form. Table 5 describes energy intake and expenditure and body-weight changes of the athletes who finished the study. There was no significant association between energy balance and body-weight change (p = .24).
Discussion
To our knowledge, this is the first study to characterize the nutritional intake of adventure racers during a simulated laboratory competition. Although the distance covered during the simulation was exactly the same as that of an outdoor competition, athletes finished it in less time. This is because some aspects of the competition could not be replicated, such as time wasted because of navigation errors, equipment adjustment, climatic factors, and the modality involving vertical techniques.
In most studies on ultraendurance activities, one of the common findings is high body-mass loss after the competition. Although there are no specific data on body-mass loss in adventure racers, losses of about 7.7 kg after 7 days have been reported in rangers during sustained military operations, in which participants were subjected to sleep and food deprivation and completed a period of prolonged exercise at 35% of their VO 2peak (Hoyt et al., 2006) . Speedy et al. (1997 Speedy et al. ( , 2001 , after an Ironman triathlon, found a loss of 2.5-2.9 kg, and Colombani et al. (2002) found a loss of 3.3 kg in participants in an ultraendurance multisport event (gigathlon). According to Rogers, Goodman, and Rosen (1997) , the loss of at least 2 kg during ultraendurance exercise is related to factors other than fluid loss, such as fat loss and glycogen depletion. In our study, we found significant losses in body mass after 67 hr (0.75 ± 1 kg); however, this deficit was much smaller than the findings in other ultraendurance competitions Rogers et al., 1997; Scott & McNaughton, 2004; Speedy et al., 1997) .
There was a large variation between our athletes in their body-mass changes (-2.8 to + 0.4 kg), but this was not related to the energy balance in the athletes who finished the race (Table 5) . We noticed that the individual with the greatest energy deficit had an increase in body weight, whereas the individual with the lowest energy deficit had one of the highest body-mass losses; the cause of this is unknown, but we stress the wide interindividual variation in both energy deficit and loss of body mass. Body-fat changes might have contributed to changes in body weight, even though it was not possible to determine this. We suggest that the relatively modest weight loss compared with the results of field-based studies can be partly attributed to the controlled temperature and humidity of the laboratory environment, which reduced the amount of dehydration. In addition, measures of body mass must be evaluated with caution because, in very long competitions, a rise in the incidence of edema is rather common (Adrogué & Madias, 2000) . Unfortunately total fluid intake could not be measured precisely because athletes exchanged fluids carried in their backpacks during the stages. Several authors have demonstrated that ultraendurance activities are associated with extremely high levels of energy expenditure, which, in most cases, cause a substantial negative energy balance (with an intake 50% lower than expenditure; Applegate, 1991; Kimber et al., 2002; White, Ward, & Nelson, 1984) . In our study, the total energy deficit was 9,779 ± 1,019 kcal, representing 40% of the expenditure.
The deficit observed is smaller than that reported in other studies, although the daily deficit increased with successive days. The smaller total deficit might reflect the fact that, unlike in other ultraendurance events, athletes during adventure races have eating habits that promote higher energy intake, such as eating during the transition periods.
Not only was the difference between energy intake and expenditure statistically significant, but also it was higher in the longer sections and in the later stages of the race. Accordingly, we believe athletes should be guided to carry foods that provide enough energy, especially in the form of carbohydrates, to address this deficit during these longer sections.
It has been suggested that the energy deficit during ultraendurance activities is caused by decreased appetite (Westerterp, 2001 ) and gastrointestinal disturbances (Glace et al., 2002a) . During adventure races, the difficulty in consuming and transporting the necessary amount of food during the competition is an additional factor that compromises energy balance.
In contrast to other ultraendurance races (Kimber et al., 2002; Jones & Doust, 1996) , food (rather than supplements) represented the majority of the calories ingested during the simulation, accounting for 86% of the total. This might be related to the lower intensity of adventure races but also reflects the better palatability of food in relation to supplements, which are, in terms of taste, difficult to consume for such a long time (in this case, for 3 consecutive days). In addition, adventure racers are reported to seek tasty and palatable food. This desire has been attributed to "stress" during the races-it is reported that palatable and high-energy foods, typically high in sugars and fats, are eaten to achieve relief from stress (Pecoraro, Reyes, Gomez, Bhargava, & Dallman, 2004) .
There was a significant reduction of macronutrient intake during successive days of the simulation. In addition, a lower carbohydrate intake was observed (0.48
) than in other studies. For instance, Applegate, O'Toole, and Hiller (1989) described an intake of 1.3 g ⋅ kg -1 ⋅ hr -1 during an ultraendurance triathlon, and Kimber et al. (2002) , an intake of 1.0 g ⋅ kg -1 ⋅ hr -1 during an Ironman triathlon. Recently, the need for carbohydrate in prolonged exercise has been considered to be 0.5-1.0 g/min (Burke, 2001) . Taking this into account, it can be said that the carbohydrate consumption during the current study was close to the lower limit for the ultraendurance events, and this might have affected the participants' performance and ability to finish the simulation. Protein and fat accounted for 12% and 29%, respectively, of the total energy intake. These values are higher than those reported during ultraendurance competitions, which ranged from 2% to 5% for protein and from 2% to 7% for lipids (Burke, Cox, Cummings, & Desbrow, 2001; Glace et al., 2002a Glace et al., , 2002b Jones & Doust, 1996) . This difference arose because, compared with other ultraendurance athletes, our participants consumed unusual foods (such as chocolate, sweet condensed milk, pizza, meat, poultry, cheese, salami, ham, and tuna fish), all of which have high amounts of dietary fat.
The high intake of solid food also raised the intake of fiber. Rehrer, van Kemenade, Meester, Brouns, and Saris (1992) reported a link between the type of food eaten and gastrointestinal (GI) complaints during a half-Ironman-distance triathlon. Although we did not measure GI distress in this study, other reports have shown an association between ultraendurance sports and GI distress. Rehrer et al. found that GI problems during the triathlon were more likely to occur after ingestion of fiber, fat, protein, and concentrated carbohydrate solutions. More recently, Glace et al. (2002a) suggested that the GI disturbances observed in very prolonged events might be more closely related to stress-mediated metabolic changes or to changes in mucosal integrity than to food intake per se. Thus, more research on GI problems is needed, especially in adventure races.
Although it is still a topic of debate, sodium replacement is generally recommended for ultraendurance athletes, to stimulate thirst, increase voluntary fluid intake, enhance glucose absorption, and decrease the risk of developing hyponatremia (Applegate, 1991; Kimber et al., 2002; Noakes et al., 1990; Speedy et al., 2001 ). Hiller (1989) proposed a sodium intake of 0.25-0.5 g/hr to prevent hyponatremia for athletes who are susceptible. The mean sodium intake of 0.21 ± 0.1 g/hr observed in this study was only slightly below this recommendation, but it was lower than found in those undertaking ultramarathons (Glace et al., 2002a (Glace et al., , 2002b . It is important to consider, however, that the athletes in our study might need less sodium replacement than proposed by Hiller because of the temperature environment of the laboratory, which probably induced a lower sweat rate. Indeed, Speedy et al. (2001) remarked that ultraendurance athletes are also at risk for developing exercise-associated hyponatremia, a condition caused mainly by fluid overload. Hence, ultradistance athletes should be advised not only of the risks of dehydration if they drink too little but also that they must avoid drinking too much, because this might lead to exercise-induced hyponatremia.
Consideration of the energy provided by food intake in the transition areas and from the backpacks indicated that, for the stages that lasted longer, the athletes stored more supplies in their backpacks because they knew that their requirements during the stage would be increased. This is to be expected, because they had more time and need to eat the selected items during these longer stages. During the shorter stages, in contrast, the amount of supplies in the backpacks was smaller, which benefits performance because of the smaller weight that has to be carried. Energy intake in the transitions did not vary. At these times, athletes had the opportunity to eat hot, palatable meals that they had previously chosen. These meals were similar in composition to the lunch and dinner they normally ate (i.e., rice, beans, pasta, meat, puree, or pies). When the athletes enjoyed the food served during transition (i.e., pizza, pie, pasta, or puree), they took some of it in their backpack. It was noted that the athletes wanted a large diversity of food at the transitions.
On the other hand, although palatable, the food carried in the backpacks was mainly easy to carry and handle (i.e., tuna, ham, cheese, and salami sandwiches; chocolates; nuts; or olives); it was also less varied than the food eaten during the transitions.
It is noteworthy that there is a lack of studies on adventure races; not only do such events provide a marked physical challenge, but there are also particular characteristics such as variations in sleep deprivation, psychological stress, environmental, terrain, and team acquaintance that can modify the athletes' nutritional needs. Bearing this in mind, it is important that further studies on this sport be conducted so that the real needs of these athletes can be understood. In spite of the limitations of the current study, such as the sample size and the impossibility of replicating all the factors found in outdoor competition (i.e., vertical modalities, environmental conditions, and navigation), this study has described, for the first time, nutritional intake during a period of uninterrupted and prolonged exercise.
We believe that the pattern of food intake in this simulation closely matched that found in a "real" adventure race, a fact that was remarked on by the athletes several times during the course of the study. The participants also remarked, however, that some situations that would normally occur during an adventure race (such as bruises and other injuries or losing their way) were absent, and it must always be borne in mind that some of these could influence food intake.
Conclusion
We conclude that, like other ultraendurance competitions, multiday adventure races can generate a significant negative energy balance, particularly in the longer stages of the race. Carbohydrate intake was lower than recommended values, possibly because of the greater palatability of the high-protein and lipid-rich foods, which were consumed in greater amounts in these stages. A specific pattern of energy intake was observed, with a greater intake of food than of food supplements and with greater energy intake from the food transported in the backpack than from food available during the transitions. These findings form a basis for the development of specific guidelines for adventure racers. Such information might contribute to better performance and is fundamental to an understanding of the nutritional needs of athletes during endurance races in general. More research must be undertaken to elaborate on other nutritional aspects during adventure races not evaluated in this study.
